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Specification 

1. Title of Invention 

Rubber composition for tire treads. 

I Scope of Patent Claim 

A rubber composition for tire treads in which 40-70 weight parts of carbon black which satisfy the requisites 
of nitrogen adsorption specific surface area (N2$A) of 105*125 mVg, compressed DBP oil absorption amount 
(24M4DBP) of 85-100 ml/100 g and comparative tint which satisfies the following equation 

Tint > 145 - 31,5 (24M4DBP/N,SA) 
are blended In 100 weight parts of blended rubber which consists of 10-60 weight parts of polybutadiene 
rubber with a trans l,44>ond content of 70% ormore and 90-40 weight parts of at least one type of rubber 
^ -selected from the group_comprisingnat^Uuj)b rubber and styrene-butadiene copolymer 
rubber with a styrene content of 15 wt% or more. — 

3. Detailed Description of the Invention 

[Technical Field of Invention] 

This invention relates to a rubber composition for tire treads, specifically, a rubber composition in which the 
wear resistance and resistance to cutting<:hipplng are improved without sacrificing the heating characteristics 
and braking performance to provide a tire which is especially desirable as the rubber for the treads of large 
tires used in trucks and buses. 

[Conventional Techniques] 

The demand for rubber material having great braking performance at low heating as well as outstanding wear 
resistance for application to the tread of automobiles has intensified in recent years accompanying the 
expansion of high-speed highways and enhanced vehicle performance. 

However, while the proportion of use of large tires for trucks and buses on good roads and high-speed 
highways has been increasing, there are still more cases in which such tires are used on poor roads, as before, 
than are tires for passenger cars. Since tires for dump trucks and other off-the-road vehicles are used on 
extremely poor roads, such as mountain roads and gravel roads, problems involving cutting and chipping as well 
as heating and wear characteristics cannot be ignored. 

Thus, great improvement of the wear resistance for high-speed applications while improving rather than 
sacrificing the resistance to cutting and chipping for applications on poor roads are required in the case of these 
large tires. 

However, blends of natural rubber and high cls-polybutadiene rubber primarily have been used in the past in 
the tread rubber of large tires. 

Such blends are used because natural rubber has good heating characteristics and resistance to cutting and 
chipping but Inferior wear resistance, while high cis -polybutadiene rubber is effective in improving the wear 
resistance while suffering from Inferior resistance to cutting and chipping. 

Furthermore, the method of blending carbon black with small particle size and great reinforcing properties has 
been used to improve the wear resistance. 
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However deterioration of the resistance to cutting and chipping cannot be avoided in blends of high ds- 
porybutadiene rubber using these methods. On the other hand, deterioration of the working properties and 
increase of the heating properties are induced when using carbon black with small particle size, and rubber 
material which adequately satisfies the higher performance requirements which have been Imposed recently 
has not been provided to date. v »«vouuy 



[Object of Invention] 



The object of this invention b to provide a rubber composition which can be used Ideally in the tread of laree 
tires, especially in trucks and buses, in which the wear resistance and resistance to cutting and chipping are 
improved without sacrificing the heating characteristics and braking performance. 

[Structure of Invention] 

The rubber composition for tire treads pursuant to this invention to obtain the aforementioned objects has 

-™.^i£f!L? f ? rt,on whlch MUsl y the rec l oisites of nitr °gen adsorption specific surface area 
(N.SA) of 105-125 mVgr^mpressed"DBP" oil - absorption amduTu _ (2~4M4DBP) of &-100~mi/l6o _ e and 
comparative tint which satisfies the following equation 8 

Tint > 145 - 31.5 (24M4DBP/N,SA) 
blended in 100 weight parts of blended rubber which consists of 10-60 weight parts of polybutadiene rubber 
w,th a trans 1,4-bond content of 70% or more and 90-40 weight parts of at least one type of rubber selected 
from the group comprising natural rubber, polyisobutadiene rubber and styrene •butadiene copolymer rubber 
with a styrene content of 15 wt% or more. F"iy«i« ruDoer 

The rubber component used in this Invention is blended rubber comprising 10-60 weight parts of 
polybutad ene rubber with a trans 1,4-bond content of 70% or more, preferably a content of 75-90% arid 
90-40 weight pan. of at least one type of rubber selected from the group ^comprismg naturM rubbef 
polyisobutadiene rubber and styrene+utadiene copolymer rubber with a styVenc content of 15 wt% or more 

Poh-butadiene rubber is produced by solution polymerization. For example, high trans-por/butadlene rubber 

* h m th * Ulventi0n <*" be P^uced by using a compound «talyst insisting o b^riurn 
compounds and organic lithium compounds. «»*««i 6 vi u«rmm 

«r aI^Ii^ pf0dU ^ rub , bCr Which tnn * 1,4 - bond contem * 70% or morc sinoe «>e microstructure 
of the butadiene section of polybutadiene rubber obtained by emulsion polymerization cannot be altered. 
L-Eurthermore, among the physical characteristics, the heating properties are inferior. 

I h .!« i . m ,S r r^ nt ' n 1I ,he u rcslsta " ce 10 cut,in 8 dipping would be inadequate if the trans 1,4-bond content 

»£V?£^* ? T • tte 5! ,h ' tlW tMring reslstance and ,he ™ are improved If the 

rans 1,4-bond content should exceed 70%, but the effect, of raising the hardness are especUUy outstanding 
and the resistance to cutting aj d chipping are greatly improved. 

^r^*^ 0 ^* ? e P ro P° rtionof 056 of m 'gh cls-polybutadiene rubber in blended rubber is usually in the ranee 
of 10-60 weight pans preferably 15-50 weight parts. There is little improvement in the wear resistance aid 

60 wSgM P ar C « are UseT ™ ^ ^ *' rCSiStanCC '° Chippine decUnes if more 

The rubber which is blended with high cis-polybutadienc rubber would be at least one type of rubber selected 
from the group comprising natural rubber, polyisobutadiene rubber and styrene-butadiene copolymer rubber 
wuh a styrene content of 15 wt% or more, as mentioned above. Natural rubber and polybutadiene rubber 
would be especially desirable in terms of the heating properties v«.. CIUOD cr 
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S SAWins'^T!.!? faVe,lt1 ^ ^ MtiSfy * he re 1 uisi,cs of nitt °8 en ^sorption specific surface area 
(NiSA) of 105-125 m'/g, compressed DBP oil absorption amount (24M4DBP) of 85-100 ml/100 * Jnd 
comparative tint which satisfies equation (1) below nu/iw g ana 

Tint > 145 - 31.5 (24M4DBP/N,SA) (1) 

Carbon black which does not satisfy these conditions, for example, carbon black In which the nitrogen 
adsorpuon specific surface area is less than 105 m'/g, doe* not provide adequate wear resistance. ConveX 
Some ^ ,Ulh * "** 125 mVg * untleslra, > le since •»» bating characterise 

Furthermore, the resistance to cutting and the wear resistance decline If the compressed DBP oil absormion 
amount „ less than 85-100 ml/100 g, while the tensile stress increase, and the ^istan* t 2SK 
deteriorate, which are undesirable, if the amount exceeds 100 ml/100 g. 0 Cnippln8 

It is important that the carbon black used In this invention satisfy aforementioned equation (1). 

The nltrogenadsorptlonspeciRc surface mT7N^A)~rep7ese^ 

black (g) computed from the BET formula due to adsorption of nitrogen gas on thesurfaceTf SJbo TbVack 
part.cles. It virtually corresponds to the size of the carbon black particles 

L h ,n^ PreSSe<1 DB „ P 0 „ U absorp,ion amoun, (MM4DBP) represents the amount of DBP (dibutyl phthalate) 
nS«? mCaSU 7 !d aftM ?f mpreSSi0n of carbon bla <* f0ur ^ under pressure of 24.000 psL Thb b a 
method of measuring vmually the true structure of carbon black in the state of kneading in rubber. 

Furthermore the comparative tint represents the brightness of the color when carbon black has been kneaded 

s^ssrrsasiS" * ,ppfa "° n ° mo "* - 

More concentrated colors are represented by greater comparative tint values. 

The results of detailed examinations by the inventors of the comparative tint of carbon black revealed that the 
comparative tint Is determined In virtually all conventional hard carbon bli^ ^S^SiSZ, 

"n th «e ^ ^ rePrWenU StrUC,Ure - ThC f3Ct 18 ° bvi0US *" *» followin B re > a «°" »7p»- 
135-31.5 (24M4DBP/N ! SA) < Tint < 145 - 31i (24M4DBP/N,SA) 
NackTS 17"" ,mPr ° VC b °' h rCSiS,anCC thC rC8,StanCe '° - <°< PP .ng 

sSes^n?> ^ri^^ 0,81 ,he Carb ° n b,aCk 1,1 which *» comparative tint 
res^J Z „- w ; n ^ ( D . B h P/N,S , A) " effcC,iVe ta mBrkcd 'y ta P rowfa « «» wear resistance and the 
he effe^s Z ™^,fT Pm , gWl ^° U ? Uering ? thM CharaCterisllcs - Moreov «. «"» ^ discovered that 
he effects were especially great in the aforementioned blended rubber system. The fact was confirmed that 
this is an indispensable requisite for this invention. conttrmea mat 

The amount of such carbon black which is used should be 40-70 weight parts per 100 weieht nam of blended 
rubber, preferably 40-60 weight parts. Adequate reinforcing character^ are not «ifaed ss man S 
wetght parts are used, and the wear resistance as well as themistance to cutting are martedly reduced 
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Furthermore, the wear resistance is improved if more than 70 weight pans are used, but the heatine be«,m« 
excessive and the resistance to chipping declines, both of which are undesirable g 

[Effects f Invention] 

As indicated above this invention concerns a rubber composition for tire treads in which 40-70 weieht nart. 
of carbon black which satisfy the requisites of nitrogen adsorption specific surface arw TcKS 

Tint > 143 - 31.5 (24M4DBP/N 2 SA) 
are blended in 100 weight parts of blended rubber which consists of 10-60 weiaht Darts nf ™h/WaH^n. 

setected from the group comprising natural rubber, polyisobutadiene rubber and umua^ZmS^ 
rubber with a styrene content of 15 wt% or more. As a result, the rubber comSto hi SSSSE 

resisttnce ,0 8nd ^ " erifch « the 



This rubber composition can be used especially in large tires for trucks and buses. 

Example of this Invention are explained below. 

[Examples] 

The characteristics of the polybutadiene rubberand carbon black used in the examples are illustrated in Tables 

The polybutadiene rubber, carbon black and other compounds which are incorporated are kneaded usi™ . 
Bumbutys mixer and open roll based on the foUowing blending formu.a to produce to ^ESSSpSK 

The rubber composition was vulcanized for 20 minutes at 160' C to complete preparation of the individual test 
speomens for use as the examples and comparative examples of this invention ""dividual test 

Sm^e«mp e S" ** ^ " ** ' 0bber «» — — 1*» *«* 

The details of the rubber and carbon black are presented in Tables 3 and 4. 



(Blending formula) 




Component 
rubber 


Weight parts 
100.0 


carbon black 


variable 


zinc white 


3.0 


stearic acid 


1.5 


acrylonitrilc 


5.0 


vulcanization accelerator CBS f 


1.0 


sulfur 


1.75 


•) N<yclohexyi-2.benzothiazyisulfenamide 



Furthermore, the method of evaluating the rubber composition of this invention is presented below. 
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(HeaU^g characteristic,).. This conformed ,o JIS K6301. The Ryubukke' resiKence elasUcity va.ue at 60'C 
S?n d ?c!s PCrforraanee) " 11,6 ^ rWiSUnCe Values based ° n the Bri * h ^"le skid test were compared 
HZSStS r m ^l Pr0dUCed by 3M ^ ^ «*— ^ Ufltd water 

The wear resistance Improves as the value increases. 

produced-wa, determined, ; andthereciprocal BWSihS-^W^"-- ■• WWbrt -^ een - 
The resistance to cutting improves as the value becomes larger. 

to chipping was measured, aSd J» «dpJTK^SKllSllf * Thewei * htdec ™* d «e 
The resistance to chipping improves as the value becomes greater. 
Examples 1, 2 and Comparative Examples 1-5 

The rubber composition of this invention exhibits greatly imnroved wear r«t«»n^- • 

wtthou, any deCne in the heating character^ L £ Z^vSZl^^S^?* 

The improvement in the wear resistance and the resistance to cutting are especially great 

Examples 1, 3, 4 and Comparative Examples l, 6-12 

Table 4 illustrates the effects of modifying the carbon black used in Example 1. 

Is ,n th * examp,e grea * improvement * *• ~» «*— - 



Tr, note. Phonetic transliteration 
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Table 1 



TVpe of potybuudicne- rubber 




(•2) 
BR-1 




BR-2 


BR-3 


Polymeriwiion method 


Solution 
polymerization 


Emulsion 
polymerization 


Solution 
pofymeriution 


Micros tnictune of butadiene section (»1) 


Cb 




98 


12 


19 




(%) 








Trans 

(%) 




1 


68,5 


75.6 




Vinyl 
(%) 




i 


19.5 


S.4 



(•1) Measured using an infrared spectrophotometer 
(*2) Nipol 1220 (product of Nihon Zeon Co., Ltd.) 



Table 2 



Type of carbon 
black 


CB-1 


CB-2 


CB-3 


CB-4 


CB-3 


CB-6 


CB-7 


CB-S 


NiSA (*3) (mVg) 


116 


79 


143 


106 


123 


122 


110 


114 


24 M4DBP (-4) 
(ml/100 g) 

Tint (-5) 


96 
115 


90 
101 


100 
120 


71 


103 


92 


95 


99 


145-31.5 (24 
M4DBP/N|SA) 


119 


109 


123 


115 
124 


US 
119 


124 

121 


123 
118 


121 
118 



(•3) Attributable to ASTM D 3037 
(•4) attributable to ASTM D 3493 
(•5) IRB #3 is taken as 100 according to JIS K 6221 



Table 3 







Ex. 1 


Ex.2 


Com p. 
Ex, 3 


Example 
I 


Com p. 
Be. 4 


Example 
2 


Comp. 
Bc5 


Rubber 


Natural rubber 


80 


80 


80 


80 


70 


70 


20 


BR-1 


20 


20 






30 








BR-2 






20 












BR-3 








20 




30 


80 


black 
Resilience 


CB4 '. " 
CB-7 

elasticity (%) 60* C 


50 
62 


50 
61 


50 
58 


50 


50 


50 


50 


Wet sldd resistance (Index) 
Wear resistance (index) 


100 
100 


100 
103 


107 
99 


62 
105 
112 


62 
97 
105 


62 
103 
119 


61 
89 
243 


Resistance to cutting (indot) 
Resistance to chipping (index) 


100 
100 


101 
100 


103 
102 


106 
103 


100 
92 


103 
102 


115 

93 
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Table 4 





ST 


sr 


ST 


St 


St 


Rjl 10 


Sample 
3 


fin pie 




S^U 








80 


60 


80 


to 


80 


W 


60 


10 


80 


80 


BO 


Rubber 


8R*1 


10 
























BOO 




20 


30 


to 


10 


20 


20 


30 


20 


20 


10 




cb-; 


10 


SO 






















C8-1 






30 




















CB-3 








30 
















CirtKw 


C8-4 










50 














Wick 


cw 












JO 




























50 












CB-7 
















50 




35 


73 
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Rc^llcm* diMWiy (») 60-C 


61 


(1 


47 


59 


41 


40 


60 


(13 


61 


*7 


» 


WrtikM r**wrw (fmtet) 


100 


102 


99 


104 


94 


103 . 


103 


105 


102 


100 


106 


W«*f real* 


urm (in*ti) 


100 


103 


W 


10* 


M 


107 


110 


112 


115 


63 


207 


lUiiMinot to euulni (Indcid 


100 


103 


94 


102 


9* 


10* 


104 


1<X 


10T 


91 


116 


HeiiuiMb us dipping <indit) 


100 


101 


103 


101 


107 


M 


103 


103 


10) 


no 


93 



